Ameliorating effects of methanol extracts of Basidiomycetes against in vitro and in vivo model of Alzheimer's disease were investigated. The extracts of Cordyceps ophioglossoides and Hypocrea citrina var. citrina prevented the b b-amyloid (25-35) (Ab b (25-35) )-induced cell death in SK-N-SH neuronal cells. However, in rat model of Alzheimer's disease, 30-d intraperitoneal administration with only the extract of Cordyceps ophioglossoides significantly prevented spatial memory loss by intracranial injection of Ab b (25-35) , which was assessed in water maze task. Interestingly, the scavenging activity of the reactive oxygen species (ROS) generated in Ab b (25-35) -treated cells was also found in the extract of Cordyceps ophioglossoides, but not in the extract of Hypocrea citrina var. citrina. These results suggest that the extract of Cordyceps ophioglossoides may protect the Ab b-induced neuronal cell death and memory loss through free radical scavenging activity. These results further suggest that Cordyceps ophioglossoides mycelium may be valuable for the protection from Alzheimer's dementia.
Alzheimer's disease (AD) is characterized by degenerative changes with neurofibrillary tangles and senile plaques in selected brain regions, including the temporal and parietal lobes and restricted regions within the frontal cortex and cingulate gyrus, which may underlie specific aspects of the dementia associated with AD. 1) The molecular mechanism by which the neuropathology of AD is initiated is not completely understood. The deposition of b-amyloid (Ab) aggregates, the main component of senile plaques, appear to initiate neuronal death [2] [3] [4] by generating reactive oxygen species (ROS) in the presence of metal ions with consequent protein and lipid oxidation. 5, 6) Based on the results of many in vitro and in vivo studies that antioxidants have protected neurons from Ab-induced toxicity, clinical trials have been focused to find out effective antioxidants to slow down or prevent the progression of AD. 7) Many mushroom species used as traditional oriental medicines have been now known to possess a number of bioactive molecules. Polysaccharides are the best known compounds in the mushroom possessing powerful anti-tumor and immunomodulating properties. 8) Recently, it has been reported that a polysaccharide from a cultured medicinal mushroom showed antioxidant activity and protective effect on H 2 O 2 -induced PC12 neuronal cell injury. 9) In this study, we, for the first time, report that Cordyceps ophiglossoides, a fungal parasite on Carpinus cordata, protects from the Ab-induced neuronal cell death and spatial memory loss in Ab-treated rats.
MATERIALS AND METHODS

Materials and Animals
The SK-N-SH human neuroblastoma cell line was purchased from American Type Culture Collection (Rockville, MA, U.S.A.). The powders for Eagle's minimum essential medium, trypsin solution, sodium pyruvate, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), nitroblue tetrazolium (NBT), Ab , Ab (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) and all salt powders were obtained from Sigma Chemical Co. (St. Louis, MO, U.S.A.). Fetal bovine serum and antibiotics (penicillin and streptomycin mixture) were purchased from GIBCO (Grand Island, NY, U.S.A.). Male Sprague-Dawley rats weighing 250-350 g were used for the Morris water maze test. Rats were kept in a regulated environment (21Ϯ1°C) with a 12 h light-dark cycle.
Basidiomycetes Culture and Extraction The Basidiomycetes strains were obtained from the Korean Collection for Type Cultures. 10) These strains were maintained on agar plates with conditions described in Table 1 , then transferred into the seed culture medium by punching out from the agar plate culture and cultured for 7-15 d with the same medium as defined in Table 1 in a shaker at 100 rpm (Hanback Scientific Co., Korea). The mycelia were filtrated with paper (Whatman No. 2) in a decompressed state and extracted by 5 folds volume of 90% methyl alcohol (MeOH) at room temperture for one day and filtrated. The extracts were dried in a rotary evaporator and then freeze-dried.
Cell Viability Assay Cell viability was assessed by the MTT staining method. 11) Cells from 4-to 5-d-old cultures were seeded in 24-well plates at the density of 5ϫ10 4 cells/well. The volume of the medium in the wells was 1 ml. In control experiments cells were grown in the same media containing drug-free vehicle. After incubation with drug for 48 h in the presence or absence of Ab, 100 ml of MTT (5 g MTT/l in H 2 O) were added and cells incubated for a further 4 h. The Ab was prepared in a stock solution of 943 mM in distilled water and aggregated at 37°C for 4 d before use. Two hundred microliters of dimethyl sulfoxide (DMSO) were added to each culture and mixed by pipetting to dissolve the reduced MTT crystals. Relative cell viability was obtained by scanning with a microplate reader (Molecular Devices, Menlo Park, CA, U.S.A.) with a 540 nm filter.
Water Maze Test The water maze task was carried out on day 11 to 15 after the start of Ab infusion. 12) The apparatus consisted of a circular water tank (140 cm in diameter and 45 cm high) and video-tracking system. A transparent platform (10 cm in diameter and 25 cm high) was set inside the tank, which was filled, to a height of 7 cm, with water at approximately 23°C; the surface of the platform was 2 cm below the surface of the water. The pool was located in a large test room, in which there were several cues external to maze (pictures): these were visible from the pool and could be used by the rats for spatial orientation. The position of the cues remained unchanged throughout training. For each training session, the rat was put into water at one of five starting position, the sequence of the positions being selected randomly. The platform was located in a constant position in the middle of one quadrant, equidistant from the center and edge of the pool. In each training session, the latency to escape onto the hidden platform was recorded. If the rat found the platform, it was allowed to remain there for 15 s and then returned to its home cage. If the rat was unable to find the platform within 90 s, the training session was terminated and maximum score of 90 s was assigned. Training was conducted for 5 consecutive days, twice a day, one session consisting of 2 trials (2 trialsϫ5 sessions).
Measurement of Reactive Oxygen Species (ROS)
The level of cytochrome c reduction was measured to assess cellular release of superoxide produced in the cells. Cell medium was changed to fresh medium without FBS and treated with drugs. After treatment, the conditioned media of 1ϫ10 5 cells were mixed with 50 mM cytochrome c and incubated at 37°C for 15 min. Another set of the same mixtures was reserved at 0°C for use as a blank. Incubation was terminated by placing the mixtures at 0°C. After centrifugation of blanks and incubated mixtures at 3000 g for 5 min at 4°C, the absorbance of the incubated supernatant was read spectrophotometrically at 550 nm using unincubated blank as a reference. Intracellular superoxide generation was measured by using conversion of NBT to formazan in a different set of experiments. NBT was added to the medium of cells to a final concentration of 1 mg/ml. After drug treatment, cells were lysed and formazan was dissolved with 2 M KOH and 1.4 volume of DMSO. The absorbance was read spectrophotometrically at 654 nm.
Data Analysis Data were expressed as meanϮstandard error of the mean (S.E.M.) and were analyzed using one way analysis of variance (ANOVA) and Student-Newman-Keul's test for individual comparisons. p values less than 0.05 are considered statistically significant.
RESULTS AND DISCUSSION
In order to screen the effective mushrooms preventing from AD, methanol extracts of cultured Basidiomycetes listed in Table 1 were evaluated for their effects on cellular model of AD which was generated by treating human neuronal cells with Ab. As shown in Fig. 1 , Ab reduced viability of SK-N-SH human neuronal cells in a dose-dependent manner. Although there is abundant evidence that either Ab or Ab (25-35) exerts neurotoxicity and memory loss, [13] [14] [15] we have tested and found that the neurotoxic effect of Ab (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) with IC 50 value of 40 mM was more potent than that of Ab . We, therefore, used 40 mM of Ab (25-35) throughout the experiments. As shown in Table 2 , among the methanol extracts (100 mg/ml) of cultured Basidiomycetes mycelia tested, those of Cordyceps ophioglossoides and Hypocrea citrina var. citrina showed preventive effects on the Ab-induced cell death.
In order to confirm whether their preventing effects on the cellular model of AD is correlated to animal model of AD, these extracts were further examined whether they protect from spatial memory loss in rat model of AD assessed by Morris water maze method. As demonstrated in Fig. 2 , the rats injected with 1 mg/ml of Ab intracranially to nucleus basalis showed significant reduction in spatial memory and learning capacity compared to intracranial distilled water-injected normal control group. In the group of rats treated with extract of Cordyceps ophioglossoides mycelium (100 mg/kg body weight) intraperitoneally once a day for 3 weeks prior to surgery and for 10 more days until water maze test, spatial memory and learning capacity were not significantly altered compared to the normal control group. Pretreatment of rats in the same manner with the extract of Cordyceps ophioglossoides intraperitoneally and Ab intracranially significantly prevented decrease in spatial memory and learning capacity induced by Ab. However, pretreatment with the extract of Hypocrea citrina var. citrina did not prevent from the Ab-induced memory loss. Moreover, treatment with the extract alone induced memory loss, which was more profound compared to the control group. At present, the reason of the discrepancy between in vitro cell toxicity data and in vivo memory loss data is not known. Nevertheless, these results may indicate an importance of in vivo experiments to screen a new bioactive material.
Since ROS appear to be involved in the initiation or facilitation of Ab-induced neurodegeneration, we also tested whether the mushroom extracts are able to suppress the Ab-induced ROS generation assessed by measuring reduction of cytochrome c, representing cellular release of superoxide produced in the cells, and by detecting conversion of NBT to formazan, an index of intracellular superoxide generation. In fact, Ab significantly enhanced the generation of ROS in cultured SK-N-SH cells as depicted in Fig. 3 . The extract of Cordyceps ophioglossoides (100 mg/ml) significantly suppressed the Ab-induced ROS release, whereas the extract of Hypocrea citrina var. citrina did not, as shown in Fig. 4 . These results suggest that decline in spatial memory and learning capacity in Ab-injected rats may be related to generation of ROS by accumulated Ab in the brain, and that suppression of the ROS release may mediate the protective effect of the exact of Cordyceps ophioglossoides on the Ab-induced memory loss.
In conclusion the methanol extract of Basidiomycetes mycelium, Cordyceps ophioglossoides, protected from the neuronal cell death and the memory loss induced by Ab (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) a) Inhibition (%)ϭ{(viability of cells cotreated with mycelial extracts and Ab-viability of cells treated with Ab alone)/viability of cells treated with Ab alone}ϫ100. generation. These results further suggest that Cordyceps ophioglossoides mycelium may have a therapeutic potential for the protection from the Alzheimer's dementia.
